The theme of this special issue of the International Journal of Primatology centers on recent advances in primate feeding ecology methods. These articles represent lectures and the essence of demonstrations given during a two-day National Science Foundation-sponsored workshop hosted by the Center for Advanced Studies of Hominid Paleobiology and the Department of Anthropology at the George Washington University. In organizing this workshop and special issue, our aim was to bring together not only researchers using novel methods, but also those employing familiar methods in new ways to address a broad array of topics in primate feeding ecology. This workshop was modeled after a three-day workshop held in 1982 by the Primate Society of Great Britain and the Anatomical Society of Great Brittan and Ireland, which resulted in the classic volume Food Acquisition and Processing in Primates (Chivers et al. 1984) . The series of articles presented here echo the breadth of research topics explored in that volume and describe new and exciting methods that inform our understanding of primate adaptations related to diet.
selection involves teasing apart complex relationships among ecological, social, morphological, developmental, and idiosyncratic variables. Although laboratory experiments allow researchers to control some of these variables to test specific hypotheses, if these experiments do not replicate behaviors or decisions made in the wild they provide little relevant information (Bock and von Wahlert 1965; Janson 2012) . As a result, over the past few decades, primate feeding ecology has seen a growing number of studies aimed at better integrating field and laboratory methods, with researchers designing more naturalistic experiments in the laboratory (IriarteDiaz et al. 2011; Reed and Ross 2010; Ross et al. 2012; Thompson et al. 2011; Vinyard et al. 2011) , or adapting laboratory methods for use in the wild Moritz and Dominy 2012; Rothman et al. 2012; Vinyard et al. 2008 Vinyard et al. , 2012 Vogel et al. 2012; Williams et al. 2008) . In this issue, we highlight some of the current research using these strategies to gain a better understanding of the factors influencing primate diet selection in the wild.
The issue begins with a contribution from Janson (2012) stemming from three decades of observing capuchin monkeys and performing ecological field experiments on a wild population. He discusses both the successes and challenges of navigating field experiments aimed at examining the foraging and feeding decisions of primates living in Iguazú National Park, Argentina. Here he argues for an approach that falls somewhere in the middle of purely experimental or observational methods, which he terms quasi-experiments. Janson (2012) maintains that experimental data collected in a natural context and analyzed with powerful statistical modeling methods offer researchers the best opportunity to disentangle the effects of the hypothesized causal variables on the behaviors observed.
The following three papers present research describing new methods that capitalize on technological advances to collect direct, noninvasive, physiological measures of diet and feeding. In their paper, Rothman and colleagues (2012) provide a thorough review of methods for collecting food samples for nutritional analysis in the field, determining the nutritional composition of primate foods. Importantly, they detail the caveats of assessing nutrient intake rates by primates in the field. They follow up these methodological issues with a detailed discussion of how nutritional studies can help us answer the unknowns in primate feeding decisions and the evolution of primate feeding adaptations. In a paper focusing on protein balance, Vogel and co-workers (2012) discuss two methods for examining urea concentration and nitrogen isotope signatures from urine samples collected from wild primates. They then examine these indicators of protein limitation in relation to the availability of preferred foods and protein intake. Together, these two articles highlight the importance of quantifying energy and protein intake to better understand the variation found in primates. In their paper, Moritz and Dominy (2012) implement a novel method, infrared thermography, to examine the temperature of the aye-aye's derived third digit relative to the other digits during locomotor, tap foraging, and food extraction behaviors. The authors found that this digit remains cooler than the other digits and only during tap foraging behaviors does it reach a temperature comparable to that of the others. These results provide strong evidence to suggest that this unique digit has a distinct vascular supply that prevents heat loss while the individual is not tap foraging.
Three contributions integrate mechanical, physiological, behavioral, kinematic, and ecological data to examine primate feeding. Lucas et al. (2012) update the field methods currently used by several researchers to measure the toughness of primate foods. In this article, the authors compare toughness measures for various food tissues collected from wire, scissor, and wedge tests. If the goal of the research is to document the range toughness of food items consumed by a primate species, discrepancies between testing modes are inconsequential. However, if the objective is to explore evolutionary questions, test type becomes more important. To address these differences in research scope, the authors offer recommendations for which test type to employ in the field.
Both Vinyard et al. (2012) and Ross et al. (2012) emphasize the need for integrative research to understand the factors influencing primate feeding systems. Vinyard and colleagues (2012) take a laboratory method used primarily on captive animals and bring it to the field to develop an "ecological physiology" of feeding in free-ranging primates. They use a portable electromyogram (EMG) system that uses telemetry to record jaw-muscle activity patterns in wild primates, enabling them to study the behavior, ecology, and physiology of primates feeding in their natural environment. Their preliminary data from wild primates using these novel techniques suggest that chewing may be more variable than anticipated based on results from laboratory studies. Further, they combine these EMG methods with food mechanical properties analysis to explore the relationship between jaw-muscle EMG activity and leaf toughness in wild howler monkeys. In this article, the authors succeed in demonstrating how the laboratory can be brought into the field to integrate the fields of food mechanics, anatomy, behavior, and ecology. The contribution from Ross and co-workers (2012) reviews our current knowledge of the impact of food mechanical properties and feeding behavior on primate mandibular morphology. They highlight the need for additional data on how feeding behavior variables mediate the effects of food mechanical properties on morphology. They then provide a detailed example of their work synthesizing experimental and comparative methods to explore the impact of food mechanical properties on jaw kinematics variation.
The issue concludes with four articles discussing feeding ecology methods applicable to fossil primates. Constantino et al. (2012) describe a set of equations derived from materials science used to gauge maximum bite force in extant or extinct species. With this method, the authors analyze antemortem chips found in an expanded great ape sample. Although teeth of Pongo are the most frequently chipped, Gorilla was found to have the highest estimated maximum bite force of the three genera. The article concludes with an interesting discussion of the impact of potential complicating factors, including tooth wear and enamel thickness, on the equations' accuracy and highlights the future research required to validate the equations for additional taxa.
Crowley (2012) provides a thorough guide to understanding stable isotope techniques, methods for collecting and preparing samples, and how these techniques can be applied to answering questions regarding primate feeding ecology. Crowley (2012) discusses several applications of this analysis, followed by methods that detail how to carry them out. She ends with a section on how to analyze and interpret data collected using these methods. This is an invaluable and succinct guide for anyone interesting is applying stable isotope methods to dietary ecology in primates. In her contribution, Henry (2012) details an exciting application of studying plant microremains to reconstruct the diets of extinct species of primates, using references from living primates. Although very little research has been conducted using plant microremains to reconstruct the diets in fossil primates, she indicates how these methods have been used in the study of early hominin diets and how they can equally be applied to extinct, subfossil, and fossil primate species. These methods have the potential to deepen our understanding of early primate diets beyond what we can determine from traditional studies that examine craniodental traits in extinct species.
The final contribution is a unique review article from Wood and Schroer (2012) . Here the authors use Paranthropus boisei as a case study to evaluate the efficacy of feeding ecology methods validated in living species to reconstruct fossil primate diets. They address the benefits and drawbacks of several reconstruction methods, including traditional methods such as comparative masticatory morphology function and stable isotopes, as well as relatively new methods such as dental topographic analysis and finite element modeling.
The utility of issues such as this is to make new methods in the field available to broad audience. Not all of the methods presented here will be appropriate for every species. However, we hope readers will be inspired to apply some of these methods to their own research questions to inform our understanding of primate feeding decisions and behavior.
